Varieties of immune cells orchestrate cutaneous immune responses. To capture such dynamic phenomena, intravital imaging is an important technique and it may provide substantial information that is not available using the conventional histological analysis. Multiphoton microscopy enables the direct, three-dimensional, and minimally invasive imaging of biological samples with high spatio-temporal resolution, and it has now become the leading method for in vivo imaging studies. Using fluorescent dyes and transgenic reporter animals, not only skin structures but also cell-and humor-mediated cutaneous immune responses have been visualized.
INTRODUCTION
The cutaneous immune system constitutes a dynamic network. T cells, granulocytes, dendritic cells, and macrophages actively move throughout the skin to scan for pathogens. On the other hand, inflammatory mediators such as histamine change the vascular permeability and instantly switch the composition of extracellular fluids. Intravital imaging has become an important technique to capture such dynamic cutaneous immune events. In the past, intravital imaging of cutaneous immune responses was performed using confocal or fluorescence microscopy; however, these conventional microscopies have relatively low depth of light penetration. Therefore, intravital imaging studies of cutaneous immune responses have largely been confined to the epidermis (Kissenpfennig et al., 2005b; Nishibu et al., 2007) .
Multiphoton (MP) microscopy (also referred to as two-photon excitation microscopy) was first demonstrated by Denk (Denk et al., 1990) and is commonly used in the mid-2000s. Twophoton excitation is a fluorescence process in which a fluorophore (a molecule that fluoresces) is excited by the simultaneous absorption of two photons. Compared with conventional single-photon excitation microscopies, two-photon excitation allows deeper tissue penetration with less photodamage, achieving high spatio-temporal resolution. From these features, MP microscopy has become the gold standard for intravital imaging of biological specimens (Li et al., 2012) . It may provide substantial information that is not available using traditional methods such as histological and flow cytometer-based analysis.
IN VIVO LABELING OF SKIN COMPONENTS USING FLUORESCENCE-LABELED REAGENTS
MP microscopy has several favorable advantages to observe the living skin. First, some biological components in the skin such as hair shafts, elastic fibers, and corneocytes are detectable without exogenous probes because they intrinsically contain fluorophores ( Figure 1a ); (Tsai et al., 2009) . Second, collagen fibers can be visualized using second harmonic generation. The epidermis and dermis are readily distinguishable in vivo using second harmonic generation ( Figure 1b ). Third, some fluorescent-labeled reagents are available to label skin components (Table 1) . Intravenous injection of fluorescentlabeled dextran is a common technique to visualize skin blood vessels ( Figure 1a ). As skin blood endothelial cells limit the passage of albumin (molecular size is 66,000 Da) in the steady state, fluorescence-labeled dextran larger than albumin is suitable for this application. Evans blue is another commonly used reagent to visualize blood vessels because it binds noncovalently to albumin and produces a sharp emission peak at 680 nm. In the inflammatory state, however, the permeability of skin blood vessels is significantly increased, and thus labeling of blood vessels with fluorescence-labeled dextran might be difficult. In such a situation, lectins such as isolectin B4 and Lycopersicon esculentum (Tomato) lectin are useful as they adhere to blood endothelial cells.
Fluorescence-labeled dextran has another interesting application. Frugé et al. reported that the subcutaneously injected dextran was engulfed by epidermal Langerhans cells and dermal macrophages (Frugé et al., 2011) . This technique provides an imaging approach to monitor skin phagocytic cells in wildtype animals. On the other hand, a subcutaneous injection of isolectin B4 not only labels the dermal vasculature but also circumscribes epidermal keratinocytes ( Figure 1c ); (Egawa et al., 2013c) , providing methods to distinguish individual keratinocytes in vivo.
Boron dipyrromethene, a lipophilic fluorescent dye, is another useful reagent for intravital imaging of the skin. Intravenous injection of boron dipyrromethene labels sebaceous gland of the hair follicles and subcutaneous adipocytes ( Figure 1d ); (Egawa et al., 2013a).
In conjugation with autofluorescent signals and the second harmonic generation phenomenon, fluorescent dyes provide structural information on the living skin without the use of specific transgenic animals.
TRANSGENIC REPORTER MICE AVAILABLE FOR INTRAVITAL IMAGING OF THE SKIN
Transgenic animals that express fluorescent reporter proteins in specific tissues or cells are essential tools for intravital imaging. Many transgenic reporter mice have been developed and are used for in vivo imaging of the skin (Table 2) . Epidermal keratinocytes and skin appendages are readily identified using keratin 5-enhanced yellow fluorescent protein mice (Figure 1e (f). DNFB-sensitized T cells (red) infiltrated into DNFB-painted skin are visualized. Green; Langerhans cells. Scale bar ¼ 25 mm. (g) Sixty-minute tracks of CD4 þ (red) and CD8 þ (green) T cells in the phorbol-12-myristate-13-acetate-painted skin. (h) Thirty-minute tracks of DNFB-sensitized (green) and TNCB-sensitized (red) T cells in DNFB-painted skin. Circles represent immobile cells throughout the observation. Scale bar ¼ 100 mm. (i) Sequential images of skin blood vessels before (left) and 5 minutes after (right) histamine injection. Scale bar ¼ 100 mm. (j) Fold changes of the MFI in the interstitial space 5 minutes after the injection of vehicle or histamine with or without antihistamine pretreatment. MFI at 1 minute before the histamine injection was used as basis. *Po0.05. CAG, chicken b-actin promoter with CME enhance; EYFP, enhanced yellow fluorescent protein; His, histamine; MFI, mean fluorescence intensity; TRITC, tetramethylrhodamine isothiocyanate.
Lethally irradiated wild-type mice transferred with bone marrow cells from CAG-EGFP mice have demonstrated that bone marrow-derived cells in the skin, except for radioresistant Langerhans cells, are visualized with green (EGFP) (Figure 1a et al. analyzed the mechanism of neutrophil accumulation toward the skin injury site (Ng et al., 2011) , and the group has recently revealed a novel interesting function of perivascular macrophages in neutrophil recruitment (Abtin et al., 2014) . Mast cells are also static but they are prone to be distributed along with blood vessels and they change their morphology upon inflammations (Dudeck et al., 2011) . Leukocyte extravasation mechanism was extensively analyzed using MP microscopy. Hyun et al. visualized the uropod elongation during leukocyte extravasation and CD18 þ deposit at the subendothelial layer before retracting the stretched uropod (Hyun et al., 2012) . In addition, it has been revealed that the inflammation is required for cutaneous T-cell infiltration (Chakraverty et al., 2006) and that T-cell extravasation is mediated by intraendothelially stored chemokines rather than extracellular chemokine depots (Shulman et al., 2012) .
The motility and nature of skininfiltrated T cells was also analyzed. In the inflammatory states such as contact dermatitis, many T cells infiltrate into the skin and interact with skin-resident antigen-presenting cells (Figure 1f ). Both CD4 þ and CD8 þ T cells actively migrate in the dermis until they meet cognate antigens (Figure 1g and h) (Egawa et al., 2011) , and dermal migration of CD4 þ T cells was integrin a 5 dependent (Overstreet et al., 2013) . On the other hand, Gebhardt et al. demonstrated a unique nature of T cells after herpes simplex virus infection, which was a slow-moving population of sequestered CD8 þ T cells that were resident in the epidermis, and a dynamic population of CD4 þ T cells that migrated rapidly through the dermis (Gebhardt et al., 2011) . Taken together, the intravital imaging by MP microscopy has unveiled the fine-tuning of cutaneous immune networks that were difficult to be dealt with traditional histological methods.
EVALUATION OF VASCULAR PERMEABILITY USING MP MICROSCOPY
The immediate (type I) hypersensitivity that controls humoral immunity is another important cutaneous immune response (Samuelsson, 1983) . Using MP microscopy, we can visualize dynamic changes of vascular permeability in a real-time manner (Egawa et al., 2013b) . To achieve this, several sizes of fluorescence-labeled dextran were used as tracers. We demonstrated that dextran larger than 70 kDa was retained within the blood vessels for hours (Figure 1i ; left), whereas large dextran (up to 2,000 kDa) leaked from the blood within minutes upon histamine administration (Figure 1i ; right). Using this visualization strategy, we can also evaluate the efficacy of antihistamine drugs quantitatively (Figure 1j) , the distribution of plasma proteins such as autoantibodies in different inflammatory contexts, and the site where the leakage of plasma proteins occurs. The above information may lead to an in-depth understanding of the pathomechanism of skin diseases, such as vasculitis and autoimmune blistering diseases.
PERSPECTIVE-TOWARD THE IMAGING OF HUMAN SKIN IMMUNE RESPONSES
Using murine models, many immune responses including graft-versus-host disease (Lin et al., 2014) , metallic allergy (Graf et al., 2013) , and tumor inoculation (Boissonnas et al., 2013) have been characterized with MP microscopy. Immunological analyses in murine, however, have some limitations; for example, the murine epidermis contains many gd T cells, but this is not the case in humans. Moreover, most of the murine skin is covered with hair, unlike in humans. Therefore, the analysis using human biological samples is getting more important.
MP microscopy is now used as a noninvasive diagnostic tool for human skin diseases, including skin tumors, skin aging, and connective tissue diseases (Tsai et al., 2009; Murata et al., 2013) . The attempt to visualize the skin immune responses is, however, just getting started. Because immune cells represent no autofluorescent signals, ex vivo imaging of biopsy samples in conjugation with whole-mount immunofluorescence staining techniques might have a pivotal role. Recently, Wang et al. demonstrated the three-dimensional distribution of blood capillaries, lympha-tics, dermal DCs, macrophages, and lymphocytes in fixed but whole-mount human skin biopsy samples (Wang et al., 2014) . We hope that the dynamics of living immune cells in fresh skin biopsy samples might be visualized in the near future. Imaging neuronal subsets in transgenic mice expressing multiple spectral variants of GFP.
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